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(57) ABSTRACT

In an arrangement for conversion of an analog acquisition
signal of an acquisition coil of a magnetic resonance appara-
tus 1into a digital signal, the output of the acquisition coil 1s
connected with a low-noise amplifier such that the analog
acquisition signal from the acquisition coil arrives at the
amplifier. The amplifier 1s connected at the output side with a
device for analog-digital conversion, such that the analog
acquisition signal arrives at the device for analog-digital con-
version as an amplified acquisition signal for analog-digital
conversion. The device for analog-digital conversion 1is
designed as a delta-sigma modulator that forms a digital data
stream with a width of one bit from the amplified acquisition
signal.

14 Claims, 2 Drawing Sheets
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ARRANGEMENT FOR SIGNAL
CONVERSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention concerns an arrangement for conversion of
an analog acquisition signal from an acquisition coil of a
magnetic resonance apparatus into a digital signal.

2. Description of the Prior Art

From WO 2006/048816 it 1s known to effect a conversion
ol analog acquisition signals of an acquisition coil of a mag-
netic resonance system into a digital data stream directly at
the acquisition coil. An analog-digital converter 1s used that 1s
spatially arranged within an acquisition region of the acqui-
sition coil. Space-occupying and expensive coaxial cables are
thus spared. Active acquisition elements are selected at the
digital level, such that analog conversion electronics can
advantageously be omitted. Due to the range of the signal
dynamic to be processed more than 150 dB/Hz, additional
stages with controllable amplification are arranged at the
input of the analog-digital converter.

A disadvantage 1s that the heat loss from the components
has an effect within the acquisition range, and a patient to be
examined thus 1s exposed to this additional heat. A further
disadvantage 1s that the analog-digital converters and their
wiring emit interference energy due to the steep signal flanks
caused by the digital signal processing, and this interference
energy can generate artifacts 1in the examination result.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide an arrange-
ment for conversion of an analog acquisition signal of an
acquisition coil of a magnetic resonance apparatus in a digital
signal that ensures a low heat loss 1n the acquisition range and
with which interferences caused by digital switching flanks
are reduced.

In the mventive arrangement an acquisition coil 1s con-
nected at the output side with a low-noise amplifier, such that
an analog acquisition or, respectively, output signal of the
acquisition coil arrives at the amplifier. The amplifier 1s con-
nected at the output side with delta-sigma modulator, such
that the amplified analog acquisition signal 1s converted by
the modulator into a digital data stream.

Interference power that occurs 1s “smeared” over a wide
frequency range by the high sampling rates of the delta-sigma
modulator that are used and artifacts 1n the examination result
are thus reduced.

In comparison to other converter types, the employed
delta-sigma modulator 1s very power-eilicient and generates
an extremely low heat loss or power loss.

The delta-sigma modulator 1s advantageously arranged in
the coil housing of the acquisition coil. With this arrangement
it 1s possible to form a 1 bit-wide data stream and to transfer
this by a connection (which can advantageously be fashioned
as an optical waveguide) to a spatially remote decimation
filter. The decimation filter can be arranged, for example,
within a “digital signal processing unit” (DSP unit). Power
loss 1n the form of heat arises 1n the computationally intensive
data decimation. Influencing on the patient due to the power
loss 1s avoided by the spatial separation of the analog-digital
converter and the decimation. This 1s particularly desirable
for examinations with a large number or large density of
acquisition elements.

The 1nventive spatial separation of the delta-sigma modu-
lator and data decimation filter ensues at an interface at which
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a 1-bit data width intrinsically exists. A parallel-serial con-
version in the coil housing (which conversion has convention-
ally been required for data transier) that was necessary 1n the
use of a conventional analog-digital converter 1s thereby
avoided. Both electrical components and power loss are saved
by the mventive arrangement.

Additional components are spared in an embodiment mak-
ing use of temporal interleaving of a number of data streams
into a resulting sum data stream.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first exemplary embodiment of the inven-
tion.

FIG. 2 shows a second exemplary embodiment of the
ivention.

FIG. 3 shows an exemplary bandpass delta-sigma modu-
lator for use 1n the mventive arrangement.

FIG. 4 shows an exemplary combination with a frequency
mixer and a lowpass delta-sigma modulator for use in the
inventive arrangement.

FIG. 5 shows an exemplary combination with a frequency
mixer and a lowpass delta-sigma modulator as part of a

quadrature mixer architecture for use in the inventive arrange-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS.

FIG. 1 shows a first exemplary embodiment of the inven-
tive arrangement with an acquisition signal arrangement ESA
that comprises a connection of an acquisition coil ES, a low-
noise amplifier with controllable amplification VER and a
delta-sigma modulator DSM.

In a preferred embodiment, the acquisition coil ES 1s con-
nected on the output side with the low-noise amplifier VER
via a symmetrical conductor L. An analog acquisition signal
ESA of the acquisition coil ES thereby arrives at the amplifier
VER. This forms an amplified, analog acquisition signal ESV
from the analog acquisition signal ESA.

The amplifier VER 1s connected on the output side with the
delta-sigma modulator DSM to which the amplified, analog
acquisition signal ESV 1s therewith connected at the mput
side. The delta-sigma modulator DSM forms a digital data
stream DS with a width of one bit from the amplified analog
acquisition signal ESV.

In an advantageous development the data stream DS 1s fed
to a conversion device WE that here 1s fashioned as an elec-
trical-optical transducer, for example. This transducer WE
forms from the digital data stream DS an optical signal for a
long-distance transmission, which optical signal 1s trans-
terred over a conductor LT that here 1s exemplarily designed
as an optical wave guide LWL.

For example, the transmission of the transduced data
stream DS to a DSP unit (not shown here) for further process-
ing (for example for reconversion into an electrical digital
data stream and subsequent data decimation) ensues.

The decimation could be implemented with the aid of a
decimation filter at a spatial distance from the acquisition
signal arrangement ES A 1n order to keep arising power loss or
heat loss away from the patient.

In an alternative embodiment, for this 1t 1s also possible to
divide up the decimation filter and to arrange only a portion of
this at a spatial distance from the acquisition signal arrange-
ment ESA.

The delta-sigma modulator DSM 1s clocked by a signal
CLK.




US 7,583,084 B2

3

In an alternative embodiment (not shown here), a transduc-
tion of the data stream DS into a radio signal via the trans-
duction device WE 1s possible. A radio signal transmission 1s
then implemented 1n place of the conductor-bound transmis-
s1on via the exemplary optical waveguide LWL.

FIG. 2 shows an inventive second exemplary embodiment
of the inventive arrangement with 1n total n parallel acquisi-

tion signal arrangements ESA1 through ESAn.

ESA1

Each of the n acquisition signal arrangements
through ESAn 1s designed as described 1n FIG. 1.

A first acquisition signal arrangement ESA1 forms a first

data stream DS1 that arrives at an input of an interleaving
device INT.

A second acquisition signal arrangement ESA2 forms a
second data stream DS2 that arrives at a further input of an
interleaving device INT.

An n-th acquisition signal arrangement ESAn forms an
n-th data stream DSn that arrives at an n-th input of an inter-
leaving device INT.

With the aid of the interleaving device INT the digital n
data streams DS1 through DSn are combined (temporally
interleaved) into a sum data stream SDS that 1s again fed to a
transduction device WE for a long-distance transifer compa-
rable to FIG. 1. The mterleaving device INT runs synchro-

nized with the signal CLK, but with a clock speed n times that
of the signal clock CLK.

By this parallelized arrangement 1t 1s possible to combine
acquisition signals from n acquisition coils in order to then
transmit these.

The n acquisition signal arrangements ESA1 through
ESAn are preferably integrated mmto a common housing
together with the interleaving device INT and the transduc-

[

tion device WE.

After an occurred long-distance transmaission, for example
via an optical waveguide LWL, the sum data stream 1s again
split up or “de-mterleaved” into individual data streams 1n
order to be able to implement the decimation of the individual
data streams separated from one another.

FIG. 3 shows an exemplary bandpass delta-sigma modu-
lator BP-DSM for use in the inventive arrangement.

This 1s fashioned such that a usable dynamic range of the
delta-sigma converter 1s maximal at a predetermined center
frequency +/— a likewise predetermined bandwidth.

The noise shape function of the delta-sigma transducer
then forms a range with low noise floor 1n this frequency
range.

The delta-sigma transducer can then convert the amplified
acquisition signal ESV supplied to 1t directly from the acqui-
sition Irequency range.

A dimensioning of the delta-sigma modulator BP-DSM 1s
elfected for each desired frequency range of the acquisition
signal.

FIG. 4 shows a combination with frequency mixer and
lowpass delta-sigma modulator for use 1n the inventive
arrangement.

A bandpass BP and a mixer M are situated upstream from
the lowpass delta-sigma modulator LP-DSM, such that the
amplified acquisition signal ESV arrives at the lowpass delta-
sigma modulator LP-DSM via the bandpass BP and via the
mixer M.

The bandpass BP 1s designed as an image frequency [1mage
response] filter while the mixer M can advantageously be
executed as a simple pole reverser and converts the mput
signal to a lower frequency range.
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In comparison to the bandpass delta-sigma modulator
illustrated 1n FIG. 3, the employed lowpass delta-sigma
modulator LP-DSM 1s easier to realize 1n design and in pro-
duction.

An mterference by noise power from neighboring acquisi-
tion frequency bands 1s prevented with the aid ol the bandpass
filter BP.

A local oscillator signal for the mixer M can be acquired
from the clock signal CLK of the delta-sigma modulator via
a frequency splitter T.

FIG. 5 shows an exemplary image frequency-suppressing,
mixer-modulator combination for use in the inventive
arrangement.

The arrangement 1llustrated here operates according to the
principle of a quadrature mixer. In comparison to FIG. 4, no
bandpass 1s necessary as an 1image frequency filter since this
mixer type suppresses signals 1n the image frequency band.

The amplified acquisition signal ESV 1s divided 1nto two
sub-signals TS1, TS2 1 a signal splitter TLR, with both
sub-signals exhibiting an 1dentical signal level.

A first sub-signal TS1 1s passed to a first mixer M1 without
phase shift while a second sub-signal TS2 1s passed to a
second mixer M2 with 90° phase shaft.

A conversion of the two sub-signals TS1 and TS2 into a
lower intermediate frequency range ensues with the aid of the
two structurally and functionally 1dentical mixers M1, M2.

A lowpass delta-sigma modulator LP-DSM 1s respectively
situated downstream from each of the two mixers M1, M2.
Their output signals are again merged via an interleaver INT
into a sum data stream SDS with the width of one bit.

Respective clock signals for the mixers M1, M2 and for the
lowpass delta-sigma modulators LP-DSM are formed from
the clock signal CLK by splitters T1 and T2.

As an alternative to the 90° phase shift implemented 1n the
signal splitter TLR, the two clock signals CLLK1, CLLK2 can
also be supplied with a phase oflset of 90° relative to one
another.

The interleaver INT 1s likewise clocked with the clock
signal CLK.

The broadband 90° phase shift of the mtermediate ire-
quency signals relative to one another (which 1s necessary for
the function of the quadrature mixer) and the subsequent
addition of the two sub-signals 1s implemented in the DSP
umt after the signal reconversion, the de-interleaving and the
data decimation.

Since phase and amplitude errors possibly presented in the
mixer arrangement or the delta-sigma modulators can be
compensated 1n the DSP unit, a very good suppression of
image frequency band portions 1s achieved with this arrange-
ment.

Although modifications and changes may be suggested by
those skilled in the art, 1t 1s the intention of the inventor to
embody within the patent warranted hereon all changes and
modifications as reasonably and properly come within the
scope of his contribution to the art.

I claim as my invention:

1. An arrangement for converting an analog acquisition

signal into a digital signal, comprising:

a local coil of a magnetic resonance apparatus that acquires
an analog acquisition signal;

a low-noise amplifier having an input configured for con-
nection to an output of the acquisition coil to recerve the
analog acquisition signal at the mput of the amplifier,
said amplifier amplilying said analog acquisition signal
to form an amplified analog acquisition signal that 1s
emitted at an output of the amplifier;
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an analog-to-digital converter having an input connected to
the output of the amplifier, said analog-to-digital con-
verter converting said amplified analog acquisition sig-
nal into a corresponding digital signal that 1s emitted at
an output of the analog-to-digital converter; and

said analog-to-digital converter being a band pass delta-

sigma modulator that forms a digital data stream with a
width of one bit, as said digital signal, from said ampli-
fied acquisition signal.

2. An arrangement as claimed in claim 1 comprising a
transduction device connected to the output of the band pass
delta-sigma modulator that recerves said digital data stream
therefrom and transduces the digital data stream 1nto a form
suitable for long-distance transmission of said digital data
stream.

3. An arrangement as claimed i claim 2 wherein said
transduction device 1s a device selected from the group con-
s1sting of electro-optical transducers and radio interfaces.

4. An arrangement as claimed in claim 2 comprising a
conductor connected to said transduction device, that 1s sup-
plied with said digital data stream for said long-distance
transmission thereof.

5. An arrangement as claimed in claim 4 wherein said
transduction device 1s an electro-optical transducer and
wherein said conductor 1s an optical waveguide.

6. An arrangement as claimed in claim 4 wherein said
transduction device 1s connected at a first end of said conduc-
tor, and wherein said conductor has a second, opposite end,
and comprising a decimation filter connected at said second
end of said conductor that receives said digital data stream
from said conductor and fetters said digital data stream
according to a decimation function.

7. An arrangement as claimed in claim 1 wherein said
acquisition coil, said amplifier and said band pass delta-sigma
modulator represent a first signal acquisition circuit that has
said digital data stream as a circuit output signal thereotf, and
wherein said arrangement comprises:

a plurality of further signal acquisition circuits 1dentical to

said first signal acquisition circuit; and

an 1nterleaving device connected to said first signal acqui-

sition circuit and said plurality of further signal acqui-
sition circuits that receives the respective output signals
therefrom as 1nputs to the interleaving device; and

said interleaving device forming a sum data stream from

the digital data streams of the respective output signals
received at said interleaving device, said interleaving
device emitting said sum signal at an output of the inter-
leaving device.

8. An arrangement as claimed in claim 7 comprising a
transduction device connected to said output of said interleav-
ing device that recerves said sum data stream from said inter-
leaving device, said transduction device transducing the sum
data stream 1n to a form suitable for long distance transmis-
s1on thereof.

9. An arrangement as claimed in claim 8 comprising a
common housing that contains all of said first signal acquisi-
tion circuit, said plurality of further signal acquisition cir-
cuits, said interleaving device and said transduction device.

10. An arrangement as claimed in claim 1 wherein said
acquisition coil has a coil housing, and wherein said band
pass delta-sigma modulator 1s contained 1n said coil housing.

11. An arrangement as claimed in claim 1 wherein said
amplifier has an adjustable amplification factor.

12. An arrangement for converting an analog acquisition
signal into a digital signal, comprising:

alocal coil of a magnetic resonance apparatus that acquires

an analog acquisition signal;
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a low-noise amplifier having an input configured for con-
nection to an output of the acquisition coil to receive the
analog acquisition signal at the mput of the amplifier,
said amplifier amplifying said analog acquisition signal
to form an amplified analog acquisition signal that 1s
emitted at an output of the amplifier;

an analog-to-digital converter having an input connected to
the output of the amplifier, said analog-to-digital con-
verter converting said amplified analog acquisition sig-
nal into a corresponding digital signal that 1s emaitted at
an output of the analog-to-digital converter;

said analog-to-digital converter being a delta-sigma modu-
lator that forms a digital data stream with a width of one
bit, as said digital signal, from said amplified acquisition
signal;

a signal splitter having an input connected to the output of
said amplifier, to which the amplified analog acquisition
signal 1s supplied, said signal splitter forming two sub-
signals, that are phase-shifted relative to each other,
from said amplified analog acquisition signal;

said delta-sigma modulator comprising a first low pass
delta-sigma modulator and a second low pass delta-
sigma modulator;

identical first and second mixers respectively connected
between said signal splitter and said first and second low
pass delta-sigma modulators, a first of said sub-signals

being supplied to said first low pass delta-sigma modu-

lator via said first mixer and a second of said sub-signals
being supplied to said second low pass delta-sigma
modulator via said second mixer; and

said first and second mixers converting the respective sub-
signals 1nto a lower intermediate frequency range.

13. An arrangement as claimed 1n claim 12 wherein each of
said first and second low pass delta-signal modulators emits a
data stream at an output thereof, and comprising an inter-
leaver connected to the respective outputs of the first and
second low pass delta-sigma modulators, said interleaver
receiving the respective data streams from the first and second
low pass delta-sigma modulators forming a temporally 1nter-
leaved sum data stream therefrom.

14. An arrangement for converting an analog acquisition
signal, into a digital signal comprising:

a local coil of a magnetic resonance apparatus that acquires

an analog acquisition signal;

a low-noise amplifier having an input configured for con-
nection to an output of the acquisition coil to receive the
analog acquisition signal at the mput of the amplifier,
said amplifier amplilying said analog acquisition signal
to form an amplified analog acquisition signal that 1s
emitted at an output of the amplifier, said amplified
analog acquisition signal having a polarity;

an analog-to-digital converter having an input connected to
the output of the amplifier, said analog-to-digital con-
verter converting said amplified analog acquisition sig-
nal into a corresponding digital signal that 1s emitted at
an output of the analog-to-digital converter;

said analog-to-digital converter being a low pass delta-
sigma modulator that forms a digital data stream with a
width of one bit, as said digital signal, from said ampli-
fied acquisition signal; and

a band pass filter and a mixer connected between the output
of the amplifier and the input of the low pass delta sigma

modulator, said mixer reversing the polarity of said
amplified analog acquisition signal.
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